Objectives. To conduct cost-effectiveness analyses of urge incontinence treatments for older women. Methods. Decision-analytic models assessed three treatment pathways: (1) limited behavioral therapy (LBT); (2) full behavioral therapy (FBT) with biofeedback; and (3) drug (DRUG), with allowances for crossover options following initial treatments. Model inputs were gathered from published data. Cost data were based on third party payer reimbursement. Outcomes were measured as the number of incontinence episodes avoided and quality-adjusted life years gained (QALYs). Results. At baseline values costs per QALY gained ranged from US$3696 to $10609. LBT was the least costly with the lowest benefit. Switching from LBT to FBT, with the greatest gain, was $415 per additional QALY. DRUG was the most expensive option. Sensitivity analyses showed that only small changes in key inputs were required for DRUG to generate greater gains than FBT. Medication costs had to fall substantially for DRUG to be cost competitive. Conclusion. All treatment strategies provide QALYs gains at a bargain price, compared to the standard of US$50,000 per QALY gained. No single treatment strategy dominated under all conditions. Clinicians should offer multiple treatment options to older women with urge incontinence.
Introduction
Urge incontinence, the involuntary loss of urine associated with a strong desire to void, affects 30% of women over the age of 40 in Sweden, the UK, and the US [1] , is a risk factor for depression, and negatively impacts quality of life [2] . In spite of treatment availability, multiple sources suggest that incontinent older women do not receive any treatment, and when they do, it is often after years of suffering [3] . Both the European Association of Urology (EAU) and the American Urological Association (AUA) recommend conservative treatment [4, 5] , namely, behavioral and pharmacological options, with the former preferred in the US. Data on the relative use of interventions are not available and the treatment modality pursued likely depends on several factors [6] .
Drugs reach their maximum effectiveness more quickly than behavioral interventions, but are often discontinued due to side-effects and drug costs. Extended-release formulations, with lower side-effect rates compared to immediate-release compounds, may increase drug adherence [7] . Patients, however, may prefer to avoid long-term drug use and/or adding another drug to their regimen, especially if behavioral treatments are available.
Behavioral treatments usually contain multiple components, such as urge control strategies, pelvic floor muscle training, and/or scheduled toileting [8] . Training commonly 2 Journal of Geriatrics involves biofeedback or vaginal palpation. Behavioral therapies are options for patients who are cognitively capable of learning new skills and are willing to commit to exercising their pelvic floor muscles on a daily basis.
Determining which treatment approach is best depends on clinician judgment and patient-specific factors. Considerations include the severity of the incontinence, goals for treatment outcomes, number of doctor visits, time to perform exercises, preferences regarding use or nonuse of medication, and drug costs. This paper uses a decision analytic model to examine treatments for urge incontinence for older women. The three treatment options considered, alone and in combination, were FBT, LBT, and DRUG. They were selected because they have been well-studied and have proven to be effective, but not decisively so relative to each [4, 9] . They also represent approaches from geriatrics, primary care, urology, and gynecology, all specialties likely to offer treatment, and are common across countries [10] .
Treatment outcomes were measured in terms of episodes of incontinence avoided and quality-adjusted life years (QALYs); the latter allows cost-effective comparisons with other treatments and to a common cost-effectiveness standard. The costs and benefits of the pathways were calculated at baseline input values. Treatments were ranked by increasing costs and were compared to no treatment and then the next most expensive treatment to determine the cost per additional health benefit. Given that results in practice settings are likely to differ from those in controlled trials, baseline model inputs were varied in sensitivity analyses to identify over what ranges and conditions the preferred strategy changes.
Methods
Each single treatment was followed by a crossover option where a patient could (1) discontinue treatment; (2) continue the monotherapy; (3) choose another option altogether; or (4) add a therapy to the current one. Patients could also drop out of initial therapy prior to completion as well as the revised therapy following crossover. All pathways represent documented choices by patients in RCTs. Model inputs were drawn from the published literature.
Direct treatment costs and effects, incontinence episodes avoided per week and quality-adjusted life years (QALYs) gained, were calculated based on patients' progressions through treatment pathways. The decision tree was constructed using TreeAge Pro 2009 (TreeAge Software Inc, Williamstown, MA, USA) and evaluated for a twelve-month period. One and two-way sensitivity analyses related to cost and effectiveness were conducted on key model inputs to simulate conditions in clinical settings. Probabilistic sensitivity analyses around mean reduction in episodes and percent experiencing complete remission were used to generate standard deviations.
Treatment Options and Models.
Data from the peer reviewed literature were used to populate the input values. Effects and costs of the two behavioral therapies, as well as combined drug and behavioral therapy, were drawn from three published RCTs which followed clearly defined behavioral protocols and focused on urge incontinence in older women [11, 12, 21] . Both included pelvic floor muscle training, education around urge control strategies, and selfmonitoring with bladder diaries. FBT included biofeedback for muscle training, while LBT used vaginal palpation. Both strategies involved an initial physician visit and four followup visits with a nurse practitioner (NP) with physician oversight.
Average values from RCT studies on six medications were used as inputs related to DRUG. Both US and European analyses have concluded that no drug is consistently more effective than another [5, 7, 22] and the focus here is pharmacological versus behavioral approaches, not on comparison of individual drugs. The drug treatments reviewed were extended-release tolterodine, extended-release oxybutynin, trospium, solifenacin, darifenacin, and fesoterodine; all have been studied extensively for the treatment of incontinence [13, 14, [23] [24] [25] [26] [27] . Figure 1 shows the treatment pathway for FBT for illustration; the other two treatments follow the same model. Treatment sequences are as follows. After beginning an initial monotherapy, a patient could stop treatment (withdraw) at week four or continue. Those who continued therapy experienced one of three outcomes by week twelve: complete remission, a reduction in episodes, or no effect from treatment. Those experiencing complete remission were assumed to remain on the current therapy for either six or twelve months, depending on their willingness to continue therapy.
Patients on the other two branches (i.e., those experiencing only some reduction or no effect) were assumed to discontinue treatment at week twelve or continue therapy. Those continuing therapy could (1) maintain treatment; (2) switch treatments; or (3) add a therapy, such as DRUG to LBT or FBT. Any dropout for the revised strategy was assumed to occur at week sixteen. Those continuing were assumed to remain on therapy for either six months or twelve months. The complete model is available from the authors.
All initial treatment intervals were assumed to be eight weeks. Each treatment involved an initial physician visit. For FBT and LBT, the four subsequent visits for behavioral training were assumed to be with a NP with physician oversight. For those on DRUG, any dose change visit required was assumed to occur at week eight. One physician visit was also required for all arms for treatment review at week 16. Patients accumulated costs and any benefits up to the point where they discontinued therapy or at the end of six or twelve months. FBT provide different estimates, 63% and 81%, respectively, for the mean reduction in incontinence episodes [12, 21] ; the input value used was 72%. For the purposes of calculating incontinence episodes avoided, complete remission was defined as avoiding 15 episodes per week, which is the mean number of episodes experienced by most populations included in the clinical trials for women, cited here, prior to treatment [12] . If therapy is ineffective, zero episodes are avoided. For the partial response group, episodes avoided were equal to the average reduction in episodes, for those experiencing some reduction, multiplied by 15.
The Quality of Well-Being Scale (QWB) version 7.0 [15] was used to calculate QALYs, based on the number of incontinent episodes occurring per week. The instrument is widely used to calculate QALYs and recommended as an instrument of choice by the US Medical Outcomes Trust. One key symptom included in the QWB is "problems related to or with urination weekly" and the number of incontinent episodes experienced by a patient determines the QWB score.
An individual without incontinence would experience no QALY loss, while women who experienced daily problems would have a score of 0.708, or the equivalent of a loss of three and a half months of quality life per year due to incontinence. The QWB algorithm is not linear, so no gain in QALYs occurs until incontinent episodes are reduced to fewer than six per week, or less than half of the baseline value of 15. Medication side-effects, such as constipation, dry mouth, and blurred vision, were assumed to reduce QALY gains; the calculation was based on the symptom weights in the QWB algorithm.
The percent of patients experiencing medication side-effects was subject to sensitivity analysis.
Reimbursement rates, based on procedure codes, from the US national health insurance program for the elderly, known as Medicare, were used to cost physician and NP visits, along with procedure costs. 2012 values are provided on the Medicare website (http://www.cms.gov). The physician visit cost for initiating treatment was US$73, while visits for altering treatment or initiating a dose change cost US$28. NP visits for behavioral treatments were US$48. Monthly medication costs were US$106, the generic price for extended-release OXY [22] .
The analyses omit a number of costs included in other studies [10] . Patients were assumed to continue to use pads as before, in spite of any treatment effects. Clinical experience has shown even more successfully treated have a lag-time before they are willing to go without pads and some avoid the risk altogether [16] . Productivity losses associated with treatment were not included given the age of patients and the fact that any income losses due to time spent in treatment and/or completing exercises for ∼15 minutes three times per day were likely to be minimal. Also, they were unlikely to differ significantly across treatment arms, given the option of combination strategies. Note that the omissions are likely to offset each other. Reductions in pad costs underestimate savings to the patient, while ignoring indirect costs overestimates savings. Patients were also assumed to be communitydwelling and able to care for themselves in terms of bladder issues; thus, caregiver burden is not included in the analyses. Table 2 provides the total costs and outcomes associated with each strategy at baseline values and the incremental results from comparing strategies to each other. Figures in the first three rows are average costs or a comparison of each strategy to no treatment. LBT is the least costly strategy and produces the lowest level of benefit. DRUG is the most costly strategy and produces greater benefits than LBT, but less than FBT. FBT, with the greatest outcomes, costs 5% more than LBT and over 2.5 times lower than that of DRUG. The outcomes ranged from $0.94 to $2.54 per episode avoided, while the cost per QALY gained ranged from $3696 to $10609.
Results
The incremental values in the lower half of the table show how much is gained with a more expensive option. At baseline values, if FBT is pursued over LBT, benefits are gained at the cost of $0.32 per episode and $415 per QALY. Gains with DRUG compared to LBT are more costly at close to $13 per episode and $17424 per QALY gained. Moving from FBT to DRUG increases cost by $558 for a loss of eight episodes avoided and a loss of 0.008 QALYs, hence the negative signs.
Baseline model inputs were drawn from RCTs; therefore extensive sensitivity analyses were performed to identify how the results changed as input values changed, likely to be the case as treatments are implemented in practice. Key inputs values examined were (1) drug prices and FBT withdrawal rates on costs and (2) withdrawal rates, percent of patients experiencing remission, episodes avoided per strategy, the percent who continue on therapy after six months, percent experiencing side effects, and percent changing treatments by type of change on outcomes.
In terms of cost, drug prices need to decrease eightfold to $13 per month for DRUG to become less costly than FBT and to $7 per month for DRUG to be less costly than LBT. FBT becomes less costly than LBT only if the FBT withdrawal rate from treatment, a negative event, rises to 20% from a baseline of 11%. and strategy a is first listed in the row. In terms of episodes avoided, small changes (<10%) in input values are required to alter the preferred treatment. If withdrawal rates from DRUG treatment fall by 1.8% or more, DRUG is more effective than FBT. If withdrawal rates from FBT rise by 2%, DRUG is preferred and if withdrawal from FBT rises by 7%, LBT is preferred. If the complete remission rate for FBT falls by 6.5%, DRUG is preferred. If the baseline number of episodes avoided with DRUG rises by 2.9 or falls for FBT by 0.8, DRUG is preferred. If FBT effectiveness falls by 2.3 episodes avoided, LBT is preferred. Figure 2 shows the ranges over which each strategy is preferred in terms of episodes avoided as the mean reduction in episodes avoided by FBT and DRUG are varied simultaneously. The lower left quadrant shows that at low levels of effectiveness for DRUG and FBT, LBT is preferred.
Larger changes (>10%) in other values are required to alter the preferred strategy. If the rate for continuing therapy after six months for DRUG rises by 11% or if the rate of continuation for FBT falls by 12%, DRUG is preferred. Finally, in terms of QALYs, if side-effects for DRUG fall to 10%, DRUG is preferred to FBT. DRUG is also preferred to FBT if the baseline QWB for DRUG value rises by over half. Varying the percentages changing strategies did not affect the results.
Discussion
When multiple treatments are available, clinicians face choices about which options to recommend. While clinical judgment and patient preference are clearly critical factors, the results here suggest that offering treatment, behavioral or drug, with the option of amending course, produces substantial gains in terms of incontinence episodes avoided and QALYs at relatively low cost. At baseline input values, FBT was more expensive than LBT, but produced greater gains, while FBT was more effective and less costly than DRUG.
DRUG costs needed to fall to $13 per month to be cost competitive with FBT. In the US, drug costs vary by payer. Medicare offers provide prescription drug coverage, although the patient often bears some of the cost. For patients who do not purchase medication insurance, some discount pharmacies offer generic drugs at $4 per month. Drug prices, furthermore, have fallen given increased competition in the 6 Journal of Geriatrics market between formulations and the availability of generics and one over-the-counter option. Thus, cost falling to the $13 per month to Medicare or patients themselves is plausible. Side-effect rates would also have to fall substantially for DRUG to be competitive in terms of QALYs gained. Each generation of anticholinergic drugs, however, has, with some success, moderated the side-effect profile.
Critically, the sensitivity analysis underscored that only small changes in inputs were required to change the preferred treatment strategy. Thus, no treatment combination dominates under all conditions and all three are reasonable options to pursue. This paper makes several contributions to the literature. The analysis simulates behavior likely to occur in clinical practices and includes the cost of physician visits, omitted from prior studies [17] . While health-related quality of life relative to incontinence has been addressed in other papers, QALY values are based on correlating scales measuring severity with QALYs, while the approach here estimates QALYS based on an instrument which directly accounts for incontinence issues.
The QALY measure here can be used to compare effectiveness across different medical conditions. For example, the cost per QALY estimates for treating urge incontinence are far lower than those for other conditions such as $20,171 per QALY for drug treatments for diabetic patients [28] . The results for urge incontinence also compare well with the widely accepted benchmark of US$50,000 to US$100,000 per QALY, assumed to represent a good value in health care treatments [29] .
The study has certain limitations. Baseline model input values were drawn from a small number of trials restricted to those aged 65+, residing in the community, and able to provide self-care. Values for crossover from LBT to FBT, rates, and mean reductions were based on a trial using a very limited form of behavioral therapy [21] . Of note is that the QALY estimates here focus only on the impact of incontinence, holding other factors constant. If other comorbid conditions are present and interact with incontinence, QALY changes may be over-or underestimates. The extensive sensitivity analyses employed, however, serve to offset many of these weaknesses.
Pad costs were not included for several reasons. First, if treatment results in a reduction in pad costs, it would favor intervention relative to no intervention as the reduction in pad costs would offset treatment costs. The approach here was to present the least favorable case for treatment. Also, solid data are lacking as to how pad costs would change by strategy. The impact on pad costs, as they are significant to consumers and may affect willingness to pursue treatment, is an important area for research.
The work and findings here are concordant with other studies. Rates of continuation were based on patient reports of their willingness to continue treatment rather than observed behavior. Data from European countries show continuation rates ranging from nine to 18 months [10] . Previous cost analyses related to incontinence include projected savings associated with preventing falls related to urge incontinence. As solid data to quantify this relationship are lacking, cost estimates here exclude them, but are comparable to earlier work once the fall savings values are subtracted [17] . Finally, the cost of DRUG with crossover is 2.6 times more expensive at baseline than FBT. Similar ratios are observed in Europe where pharmacological treatments (without crossover) cost three times that of conservative options (loosely behavioral) in the UK [10] .
The majority of patients in the drug trials and all of the patients in the behavioral trials were women; most were white. Results here may not extend to males or to women of other racial and ethnic groups if effects differ greatly from those observed for white women. Certain pathways were not chosen by trial participants and, therefore, were not to be evaluated. These provide areas for further research.
These analyses and the accompanying sensitivity tests strongly suggest that behavioral and/or drug treatment for urge incontinence can improve quality of life for communitydwelling, elderly women at very reasonable costs. The data should encourage clinicians to screen for this condition, often not reported, and develop treatment plans compatible with current guidelines and patient preferences.
